Abstract This study aims to report the composition of bioactives and volatile aromatic compounds, and determine the descriptive sensory properties of cold-pressed orange seed oil. The effects of oven pre-roasting and microwave pre-roasting of the seeds before cold pressing were compared. Thirteen sensory parameters were used to define the oil samples. The major bioactive components of the orange seed oils were naringin, hesperidin, and trans-ferulic acid. Flavonoids constituted the main phenolic class with 78.5% and 74.4%, followed by phenolic acids with 21.4% and 25.5% in the oven and microwave pre-roasted oil samples. The mean concentration of hesperidin and naringin varied from 903.4 to 909.6 mg/kg and from 234.3 to 299.8 mg/kg, respectively. The results showed for the first time in the literature that orange seed oil contains some volatile aromatic compounds and glycosylated flavanones that could have functional properties. Hence, cold-pressed orange seed oil could be suggested as the new potential healthpromoting oil.
Introduction
Citrus fruits are among the most important and common fruits in production and trade worldwide and a variety of citrus species are grown in more than 100 tropical and subtropical countries all over the world, it is believed that they are spread throughout the world from Southeast Asia (Nayak et al. 2015; Matheyambath et al. 2016) . The most widely known members of the Citrus genus are lemon (Citrus limon), orange (Citrus sinensis), tangerine (Citrus reticulata), grapefruit (Citrus paradisi), pomelo (Citrus grandis) and key lime (Citrus aurantifolia) (Anwar et al. 2008) .
Although most citrus species are consumed fresh, they also have important economic value for their fixed and essential oils. The oil content of lemon, orange and grapefruit seeds obtained as the byproduct of citrus processing was reported to be 34-45%, 27-52% and 36-49%, respectively (Saidani et al. 2004; Anwar et al. 2008) . The considerable variation in oil content may have been due to several factors such as geographical location, season, and environmental factors. Citrus seeds are considered valuable and cheap oil sources for food, cosmetics, pharmacology, aromatherapy, and soap and detergent manufacturing (Matthaus and Ö zcan 2012; Malacrida et al. 2012) .
Cold pressing is a special oil production system that is based on pressing very clean, pure, homogeneous and safe oil-bearing seeds or kernels under suitable and mild operation conditions in spite of low yield. Cold pressed oils are preferred for their special flavor/aroma and bioactive components that are retained during processing. Furthermore, these oils are definitely not refined and contain no chemicals or additives. They are sold as they are extracted only after centrifugation or filtration. Generally, coldpressed oils are used for nutraceuticals, food enrichment, encapsulated products, and cosmetics. Cold pressing has also been applied for the valorization of various oil-bearing seeds and kernels generated as byproducts of food-processing operations (Aydeniz et al. 2014; Dündar Emir et al. 2014; Yılmaz et al. 2015a, b; Yilmaz and Aydeniz Güneşer 2017) . A few pre-treatments such as pre-roasting and dehulling were used for the seeds or kernels prior to cold pressing to determine their bioactive compound composition and flavor/aroma quality and to enhance the yield of the cold-pressed oils (Aydeniz et al. 2014; Dündar Emir et al. 2014; Yılmaz et al. 2015a) .
Although past studies on cold-pressed citrus seed oils are scarce, a few studies have stated that citrus seed oils are rich sources of glycosylated flavanones, which have antiinflammatory and antihypertensive properties (Manners 2007; Benavente-García and Castillo 2008) . Hence, the objective of the present novel study was to investigate the effect of pre-treatments such as microwaving and oven roasting prior to cold pressing on the compositions of bioactives (flavonoid, phenolic acid and pigments) and volatile compounds in orange seed oils. Furthermore, we also aimed to determine the sensory descriptive properties of the cold-pressed oils. This study may prove useful to orange juice processors and cold press oil facilities who could valorize the otherwise-wasted citrus seeds into a highly valued cold press oil product, and manufacturers may eventually find this new and unexplored oil source of potential interest for various functional food, cosmetic, and pharmaceutical applications.
Materials and methods

Plant material and reagents
The fruit seeds of orange (Citrus sinensis var. Dörtyol) were kindly provided by Anadolu Etap Penkon Co. Inc. (Mersin, Turkey) during 2014 harvest and processing season. All solvents and reagents used in the experiments were of analytical and/or chromatographic grade and purchased from Merck (Darmstadt, Germany) and Sigma-Aldrich (St. Louis, MO, USA). The flavonoid standards eriocitrin (C 98%), rutin hydrate (C 94%), naringin (C 95%), hesperidin (C 80%), neohesperidin (C 90%), naringenin (C 98%), kaempferol (C 97%), and the phenolic acid standards gallic acid (97%), 2-trans-hydroxybenzoic acid (97%), vanillic acid (97%), caffeic acid (C 98%), syringic acid (analytical), p-coumaric acid (C 98%), sinapic acid (C 98%), trans-ferulic acid (99%), hydroxycinnamic acid (97%), (?)-catechin hydrate (C 98%), and chlorogenic acid (C 95%) were purchased from Sigma-Aldrich and Fluka Chemicals. The homologous series of C5-C30 straight-chain alkanes kit containing 24 standards used for volatiles identification were purchased from Sigma Aldrich-Fluka (St. Louis, MO, USA).
Orange seed preparation and cold pressing
First, orange seeds were manually separated from other particulate matter/materials and washed with distilled water. Then, the seeds were air dried and deep-frozen at -20°C until they were cold pressed. The orange seeds were divided into two lots: one lot underwent regular oven pre-roasting by direct roasting at 150°C for 30 min in a conventional oven (Inoksan FPE 110, Bursa, Turkey) and the other part was pre-roasted in a microwave oven (Model MD 1505, BEKO Electrical Appliances, China) at a frequency of 360 W for totally 30 min by applying 3 minpause mode, 3 min-run mode action. After the treatments, the orange seeds were allowed to cool to an ambient temperature and the moisture contents of the seeds were measured (Ohaus MB45 moisture analyzer, Switzerland) and adjusted to 11% by adding water. Briefly, the volume of water added was calculated by determining the actual and desired moisture contents. Water was added to the seeds placed in a vessel, which was then sealed for 48 h for moisture penetration/retention (Aydeniz et al. 2014) . Finally, the seeds were cold pressed by using a laboratoryscale cold press machine (Koçmaksan, ESM 3710, İzmir, Turkey). Fine particles and residual water in the coldpressed oil were first separated by filtration (Miroil RB22Fs, Allentown, USA) and then by centrifugation at (Sigma 2-16 K, Postfach, Germany) 6800 9 g for 10 min. The oil samples were transferred into colored glass bottles, flushed with nitrogen and stored at -18°C until analysis.
Polyphenol extraction
Polyphenolic compounds from the orange seed oil were extracted according to the method described by Vallverdú-Queralt et al. (2014) . Briefly, all oil samples were allowed to pass through a SePak C-18 cartridge (Waters, Milford, MA, USA) using vacuum in the manifold. The seed oil was homogenously dissolved in hexane (3 g oil in 3 mL hexane), loaded on the preconditioned cartridge, and rinsed with 5 mL hexane to remove non-polar fractions. Hexane residues in the cartridge were evaporated under nitrogen flow. The retained fraction of phenolics was eluted with 10 mL of methanol and all phenolic extracts were filtered through a PTFE (polytetrafluoroethylene) membrane (0.45 lm pore size, Fisher Scientific) before injection to an HPLC chromatogram. Samples were stored at -18°C and analyzed within 24 h. Flow through each cartridge was maintained constant and simultaneous on the manifold.
Analysis and identification of phenolic compounds
The identification of the individual phenolic acids and flavonoids was performed according to the method described by Moulehi et al. (2012) with minor modifications. Separation was performed on a C18 reversed phase column (Zorbax Eclipse Plus, 250 mm 9 4.6 mm id 9 5 lm) and analyses were performed at 25°C with a 0.5 mL/ min flow rate and the injection volume was 20 lL. Chromatographic analysis was performed using simultaneous monitoring of phenolic extracts at 280 nm. The mobile phase A consisted of 100% acetonitrile, mobile phase B was a ultra pure water with 0.2% (v/v) sulphuric acid (95-97%, analytical). Separation was performed by using the following gradient programme: 80%A/20%B for 0-18 min, 70%A/30%B for 18-24 min, 60%A/40%B for 24-30 min, 50%A/50% B for 30-36 min, 40%A/60%B for 36-40 min, 45%A/55%B for 40-45 min, 35%A/65%B for 45-50 min, 20%A/80%B for 50-52 min, 10%A/90%B for 52-54 min, 100%B for 54-70 min, 45%A/55%B for 70-72 min, 80%A/20%B for 72-74 min. Individual phenolic compounds were identified based on their retention time and quantified from peak area at 280 nm by comparing a standard curve prepared from the corresponding standards. All analyses were performed in triplicate. A sample chromatogram of the phenolic compounds is presented in Figure 1S .
Pigments analysis
The carotenoid contents expressed as total carotenoid, bcarotene, and lutein in the cold-pressed orange seed oil samples were analyzed as described by Franke et al. (2010) . The extraction procedure was performed using 0.5 g of each oil sample that was mixed with 2 mL petroleum ether: acetone (1:1, v/v) until dissolved (Heidolph Reax Top, Heidolph, Germany). Absorbance at 445 nm was measured using a spectrophotometer (Agilent 8453 UV-Visible Spectrophotometer, Waldbronn, Germany) and petroleum-ether:acetone was taken as blank. The carotenoid content was determined using the equation given below, and the following specific absorption coefficients in petroleum ether were used. The chlorophyll pigment as pheophytin-a was determined according to AOCS method Cc 13i-96 by measuring the absorbance at 630, 670 and 710 nm (AOCS 1998).
Analysis and quantification of volatile aromatic compounds
The volatile compounds in the cold-pressed orange seed oil samples were analyzed according to the technique described by Krist et al. (2006) . The volatile compounds were extracted from the oil samples by the SPME technique. First, 2 g of the oil sample was weighed in a SPME vial (Supelco, Bellefonte, USA) and 1 g NaCl and 20 lL internal standard (IS) solution (1 lL of 2-methyl-3-heptanone dissolved in 10 mL methanol) were added. Then, the vial was closed and vortexed (Heidolph Reax Top, Heidolph, Germany) for 1 min. The vial was then put into a water bath at 40°C for 20 min for retaining the volatile compounds in the headspace of the vial. Thereafter, an SPME needle (2 cm to 50/30 lm DVB/Carboxen/PDMS, Supelco, Bellafonte) was inserted carefully into the vial and the fiber was exposed to the headspace of the vial for 10 min at 40°C in a water bath to allow for the adsorption of volatile compounds. The SPME-fiber-collected volatile compounds present in the headspace were injected into a GC-MS (Agilent 6890 N/Agilent 5875C mass spectrometer, Agilent technologies, Wilmington, DE, USA), immediately. The separation was carried out on a nonpolar HP5 MS column (30 m 9 0.25 mm i.d. 9 0.25 lm film thickness, J&W Scientific, Folsom, CA). Helium was used as the carrier gas at a flow rate of 1.2 mL/min and a split rate of 1:2. The GC temperature was programmed as follows: heating at 38°C for 1 min; then, heating from 40 to 220°C at 5°C/min rate; and finally held at the final temperature for 20 min. Furthermore, the MSD conditions were as follows: capillary direct interface temperature, 280°C; ionization energy, 70 eV; mass range, 35-350 amu; scan rate, 4.45 scans/s. Identification and characterization of headspace volatiles of seed oils was based on the comparison of the mass spectra of unknown compounds with those in the National Institute of Standards and Technology and Wiley Registry of Mass Spectral Data databases and the Retention (Kovats) index. Methyl pentanoic acid and 2-methyl-3-heptanone were used as internal standards (IS) for acidic and neutral-basic characters compounds, respectively. Each analytical sample was measured in triplicate. The quantification of all volatile compounds was based on the relative abundance calculated by the equation given below.
Mean relative abundance lg=kg ð Þ ¼ Concentration of IS Â peak area of compound=peak area of the IS A sample GC/MS total ion chromatogram of volatile aromatics present in orange seed oil samples is shown in Fig. 2S .
Sensory descriptive analysis
The technique of quantitative descriptive analysis and methods used in previous studies were applied to determine the sensory properties of the orange seed oil samples (Meilgaard et al. 1991; Aydeniz et al. 2014; Yılmaz et al. 2015a; Aydeniz Guneser and Yılmaz 2017a, b) . The panelists (8 female, 4 males, aged 24-43) were trained for at least 15 h on different days, and they worked with the panel leader/moderator to find the reference standards (Table 1S) for the sensory descriptive terms of the orange seed oil samples. Thereafter, the panel assessed the appearance, smell, and taste/flavor properties on a 15-cm line scale anchored with 0 (none) to 15 (extreme) for the quantification process.
Different evaluation sessions were scheduled for consecutive days at room temperature and during the day. During each session, the oil samples coded with different three-digit numbers were served randomly to the panel with warm water in individual glasses closed with lids. All sensory evaluations were triplicated for each replicate of the orange seed oil samples.
Statistical analyses
All the cold press oil productions (oven pre-roasting and microwave pre-roasting group) were replicated twice. The oil samples analyses were performed for three times, and the results were reported as mean values ± SD for 
Results and discussion
Phenolic composition
This is the first study to describe the phenolic composition of cold-pressed orange seed oils (Table 1) . Eight flavonoids and five phenolic acids were quantified in the samples. Flavonoids were found to be most abundant, while hesperidin and naringin were the major phenolic compounds in the oil samples from both the sets. Except for the levels of eriocitrin and rutin, there was no significant difference between the two oil samples in terms of the flavonoid content. The total amount of flavonoids in the microwave pre-roasted orange seed oil sample was higher than that in the oven pre-roasted sample. Hence, the microwave treatment of the seeds prior to cold pressing is believed to have enhanced the flavonoid content of the oil samples. The most interesting sources of glycosylated flavanones among the citrus seeds have been reported to be naringin and neohesperidin found in bergamot; eriocitrin and hesperidin found in lemon; naringin and neoeriocitrin found in sour orange, and narirutin and hesperidin found in sweet orange (Robards et al. 1997; Bocco et al. 1998) . Our findings concur with this previously documented observation in the literature.
Various health benefits of citrus flavonoids have been discussed in the literature (Mir and Tiku 2015; Ferreira et al. 2016; Lei et al. 2016; Gao et al. 2018) . For example, one study (Mir and Tiku 2015) showed that naringenin exhibits anti-inflammatory and anti-oxidative properties. In another study, hesperidin, eriocitrin, and eriodictyol were fed to mice through a high-fat diet, and the results showed that these flavanones had protective effects against inflammation and oxidative stress, and may prevent cardiovascular diseases (Ferreira et al. 2016) . Similarly, citrus nobiletin and tangeritin reduced plasma triglyceride levels and adipose tissue proliferation in hamsters (Lei et al. 2016) . In an excellent recent review, citrus polymethoxyflavones and hydroxylated polymethoxyflavones showed potent bioactivities for cytoactivity and organ function by modulating the signaling cascade, gene transcription, and protein activity (Gao et al. 2018) . Their antiinflammatory and anti-microbial functions and their underlying mechanisms were also discussed in this review. Overall, citrus flavonoids are considered bioactive and functional compounds for food, pharmaceutical, and cosmetic uses. Hence, cold-pressed citrus seed oil could make an important niche in the functional oil market.
The phenolic acid composition of both the oil samples was also measured (Table 1 ). The order of abundance was trans-ferulic acid [ rosmarinic acid [ trans-2-hydroxycinnamic acid in both the samples. The total phenolic acid content of the oven pre-roasted oil sample was overall lower than that of the microwave pre-roasted sample. This proved the positive effect of microwave treatment on the retention of phenolic acid content. Phenolic acid has been shown to exhibit positive effects on health (Gao et al. 2018) . Hence, the presence of these phenolic acid derivatives in cold-pressed orange seed oil samples could be useful in healthy food manufacturing.
The phenolic acid compositions of the methanolic extracts of lemon, bergamot, sour and sweet oranges, and tangerine seeds and peels have also been studied previously in addition to their antioxidant properties. The orange seed oil methanol extract contained around 20-30 times more naringin (10 mg/kg) and 3-4 times more hesperidin (220-280 mg/kg) than the seed extract (Bocco et al. 1998 ). In another study, bioactives of (sour orange) peel and juice were investigated, and p-coumaric and ferulic acids were found to be the major components (Karoui and Marzouk 2013) . Our reported values for trans-2-hydroxycinnamic and gallic acids in both the orange seed oil samples were in accordance with the values reported for the peel extract of sour orange. Furthermore, Nayak et al. (2015) reported that the microwave-assisted extraction method yielded the highest caffeic and ferulic acid from orange peels. These results support our finding that microwave pre-treatment has a positive effect on flavonoid and phenolic acid release into the oil. Lastly, in one of our previous studies, we determined the flavonoid and phenolic acid composition of the cold-pressed lemon seed oil samples and found that orange seed oil samples in this study had lower values of flavonoids than the lemon seed oil samples (Aydeniz Guneser and Yılmaz 2017a, b) .
Pigment composition
Total carotenoid, b-carotene, lutein, and pheophitin-a contents of the oil samples are also presented in Table 1 . Except for pheophytin-a, the concentrations of other carotenoid pigments were significantly lower in the microwave-treated sample. This might be due to the degradative effect of microwave on the carotenoids. The presence of natural pigments in cold-pressed oil samples could be considered good from the nutritional viewpoint and may affect consumer preferences (Aydeniz Guneser and Yılmaz 2017a, b) . Unfortunately, there is no existing study on coldpressed orange seed oil samples in the literature to compare our current results; however, in one study, b-carotene and chlorophyll contents in the solvent extracted from Osage orange seed oil were reported to be 0.60 and 0.02 mg/kg of oil (Saloua et al. 2009) . These values are fairly lower than the results found in this study. In another study, the carotenoid content in orange peels (151.6-218 lg/g dry weight) was found to be significantly higher than that in the orange juice vesicles (40-143,09 lg/g dry weight) (Xu et al. 2006) . Clearly, carotenoid content in peels and juice vesicles is significantly higher than in seed oil. Malacrida et al. (2012) observed that lemon and tangerine seed oil samples have tenfold higher carotenoid levels (0.32 mg/kg oil) than seed oil samples obtained from the orange grown in Brazil. In general, total carotenoid and chlorophyll contents measured in orange seed oil samples in this study were higher than the values reported in the literature for orange seed and peel oil samples.
Volatile aromatics composition
Volatile aromatic compounds of the cold-pressed orange seed oil samples were investigated by the SPME-GC/MS method, and 33 volatile compounds were quantified; they are described in Table 2 . Orange seed oil contained higher levels of monoterpene hydrocarbons and monoterpene alcohols. D-limonene, b-myrcene, a-terpineol, b-pinene, cterpinene, b-cymene and furfural were quantified as the major volatile aromatic substances in the samples. Dlimonene (4500-5900 lg/kg oil) was found to specifically be responsible for the aromatic citrus notes in both the oil samples. The volatile aromatic composition of cold-pressed orange seed oil samples has been described for the first time in this study; hence, no comparison can be made with the literature articles at this stage. Microwave treatment of the orange seeds before cold pressing led to an increase in the levels of hexanal, furfural, and 2-furan menthol and a decrease in the level of D-limonene (22%). Pyrazines compounds (methyl pyrazine, 2,5-dimethlypyrazine) known with roasted aroma notes, and octanal, 3-methoxy-1-butanol were observed only in the microwave treated seed oils. It is expected that formation of pyrazines is a result of microwave treatment, just as we observed in previous studies (Aydeniz et al. 2014; Dündar Emir et al. 2014) . The oils extracted from safflower, poppy seed, and capia pepper seeds that were microwave roasted before cold pressing contained pyrazine derivatives such as 2-methyl-5-pyrazine, 2,5-dimethyl pyrazine, 2,3-dimethyl 5-ethyl pyrazine, 2-ethyl-pyrazine, 3,5-dimethyl-2-ethylpyrazine, and 2-acetyl-6-methylpyrazine (Aydeniz et al. 2014; Dündar Emir et al. 2014; Yıl-maz et al. 2015b) . Furthermore, the oven pre-roasted sample was richer in aromas associated with fruity, creamy, floral, herbal, woody, spicy, and terpenic notes than the microwave preroasted seed oil samples (Table 2) . Qiao et al. (2008) investigated the aromatic compounds of fruit juice and peel oil of sweet orange using GC/MS and GC/O techniques. In total, 49 and 32 compounds were determined in orange juice and peel oil respectively. Ethyl butanoate, b-myrcene, octanal, linalool and decanal for fruit juice, and linalool, apinene and decanal for peel oil were reported as major aromatic components. Boussada and Chemli (2007) reported that D-limonene was the most abundant component in Citrus aurantium (bitter orange). In another study, Moufida and Marzouk (2003) determined the aromatic compounds in five varieties of citrus fruits: blood orange, sweet orange, lemon, bergamot, and bitter orange. The researchers showed that D-limonene was the major volatile component in all the citrus varieties and constituted 63%, 88%, and 90% of the volatile compounds in blood orange, sweet orange, and bitter orange, respectively. The profiles of volatile compounds obtained from the orange seed oil samples in the present study seem to be in good agreement with those reported for peel oils and juices by Moufida and Marzouk (2003) , Boussada and Chemli (2007) and Qiao et al. (2008) .
In a previous study, we reported the volatile composition of lemon seed oil samples (Aydeniz Guneser and Yılmaz 2017a, b) . Although the volatile composition of the orange seed oil samples showed some similarities with those of the lemon seed oil samples, it was quite different from the reported findings of citrus peel oils (Kırbaslar et al. 2006; Viuda-Martos et al. 2009 ). Hence, this study provides crucial and pioneering data in its field.
Sensory description
The results of the sensory descriptive analysis by the panel are presented in Fig. 1 in a spider web format. Among the 13 descriptive terms, differences existed only for 'orange leaf', 'roasted', 'sweet aromatic', and 'throatcatching' terms for the two samples. Microwave pre-roasted seed oil had significantly higher scores for 'roasted' and 'throatcatching', and lower scores for 'orange leaf' and 'sweet aromatic' terms. The results for the rest of the defined terms were quite similar. Defined as the level of bright appearance, 'clarity' was almost equal and under 4.0 for both the samples, indicating that the oil samples were limpid. Aromatics associated with 'orange leaf' were higher in the oven pre-roasted sample, and most probably partially degraded or were lost during microwave preroasting in the other sample. The score for 'roasted' was significantly higher in the microwave-treated sample because of the extent of heat exposure. These sensory findings are in accordance with the results of the volatile analysis (Table 2) , which indicated higher concentrations of pyrazines in the microwave-treated sample. 'Raw vegetable' is the flavor associated with uncooked green beans and common to most raw plant parts, and for both the samples, it was around 3.5-4.0. 'Olive bagasse' was defined as the aroma associated with fresh olive bagasse, and was found in low values (around 2.0). 'Bitter' was the most distinct characteristics of these oils with 9.9 and 10.5 scores, respectively. Clearly, microwave treatment had no effect on the bitter taste. In our previous study (Aydeniz Guneser and Yılmaz 2017a, b) , cold-pressed lemon seed oil samples were also found to be bitter-tasting samples. Both the samples had considerable extents of 'astringency' (around 5.0), which is defined as the constriction felt in the mouth. Although the microwave-treated sample had a little higher 'nutty' score (4.67) than the oven pre-roasted sample (3.54), there was no statistically significant difference. 'Sweet aromatic' has been defined as the flavor associated with honey and was found to be significantly lower in the microwave pre-roasted sample. Both the samples were found to be 'very fatty' by the panel, as expected. Likewise, they gave higher scores for the 'spicy' term, Fig. 1 Descriptive sensory properties of the cold pressed orange seed oil samples indicating some common aromas found in spices to match with those of the samples. The oil samples had around 3.5-4.3 'menthol' scores, which indicate the cooling sensation felt on the tongue. Usually, regular seed oils (soy, corn, sunflower, etc.) do not have any menthol definition, but citrus seed oils mostly have it (Aydeniz Guneser and Yılmaz 2017a, b) . The burning sensation felt in the throat after swallowing the oil samples is defined as 'throatcatching', and the microwave pre-roasted sample had a higher score for the same, possibly due to the formation of the pyrazines in addition to the naturally occurring bitter phenolic compounds in the oil samples.
A clear relationship could be shown between the content of flavonoids and the sensory properties of the cold-pressed orange seed oil samples. The microwave pre-roasted seed oil sample particularly contained higher eriocitrin and rutin levels than the oven pre-roasted oil sample, thus supporting the fact that these oils have higher throatcatching and bitterness scores (Fig. 1) . Similarly, clarity, roasted, nutty, raw vegetable, menthol, and spicy scores of the microwave-treated seed oil samples were a little higher than those of the oven pre-roasted sample. Since this study provides the first sensory descriptive data of cold-pressed orange seed oils, it is assumed to be most likely appreciated by those who are interested to produce and use this new and authentic oil for various useful applications.
Conclusion
Cold-pressed oils are becoming popular consumer items in functional food, cosmetic, and pharmaceutical markets. There are a few studies about the beneficial effects of orange seed oil, and this study provides new data about its flavonoid and volatile compound compositions, and an array of useful sensory descriptions. This study showed that the oil is rich in hesperidin, naringin, neohesperidin, trans-ferulic, gallic and trans-2-hydroxycinnamic acids. Among the 33 volatile compounds quantified, D-limonene and furfurals were found to be in the highest concentrations. The sensory panel identified bitter and astringent as the dominant sensory attributes. Hence, cold-pressed orange seed oil could be utilized in functional foods. However, further studies about its biochemical effects and applications in product formulations are needed.
